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USCT - ultrasonic transmission computed tomography
* reconstruction algorithms
« transducer calibration

Processing and analysis of bimodal retinal images
 bimodal image registration
« vector image based segmentation of the nerve head (optic disc)




Ultrasonic TransmissionComputed Tomography (USCT)
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Required: reconstructed tomographic images of
- ultrasonic reflectivity

- local ultrasonic attenuation
- speed of the propagating ultrasound




Attenuation Tomography Based on Log-Spectrum Analysis
(R.Jifik, R. Stotzka, T. Taxt - SPIE San Diego 2005)
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TRANSDUCER CALIBRATION IN

TRANSMISSION ULTRASONIC COMPUTED TOMOGRAPHY
(A-Filipik, J.Jan, R.Jifik — EMBEC Praha 2005)

Simplified assumptions for reconstruction:
—  (semi)isotropic radiation
— equal efficiency of the transducers

More realistic (supposed to improve the
reconstruction):

—  real directivity characteristics (common to all
transducers)

individual efficiencies of the transducers

The purpose of the calibration:
to determine (via series of ,empty“ measurements)




Equation system compilation
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Received signal equation

Se,r(f)ERe(f:‘ge—W)'Rr(fa‘ga—r)

Log-linearised equation 10g(Se,r (f )) =log(R,(f,93._,))+1og(R (f,9...)).Ve,r

Available number of independent equations (given limitations of the measuring setup)

N, o N, yN,, =91-16-64 =93184

(14N, )N, N, =(1+16)-64-(16-91) = 1584128

Restricted number of equations thanks to assumptions 1+N +N. - =1+16+64-(16-46) = 47.121
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Results of calibration

Radiation function

frequency —

Table of transducer efficiencies

0.75 0.95 1.15 0.97 0.99 0.89 1.04

0.95 0.99 1.06 0.98 1.09 1.11 1.15




Discussion (of ultrasonic transducer field calibration)

Comparison with the experimental measurement of a transducer field via a
hydrophon

(solid — acustic pressure,
dashed — calculation, co-normalized)

The calibration yields surprisingly consistent results.

The comparison with the measurement shows a reasonable correlation — the
calibration results thus may be acceptable for reconstruction attempts.




Automated Optic Disc Segmentation
in Bimodal Images of Retina

(R. Chrastek, L. Kubecka, J. Jan,
G. Michelson, V. Derhartunian, H. Niemann - Euro-DOG Congress Berlin 2005 )

early diagnosis

full automation of image analysis

automatic segmentation of the
optic disc




registration of CLT and CFP images
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(to be transformed image A) (fixed image B)




Optl misation o, =arg min[C(B, T, (A))]

affine transform

0

Ml criterion
I(A,B)=H(AWH(B)-H(4,B)
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combined criterion

C{B,T,(4)}=MI{B,T (4)}. MI{GoG|B] GoG|T, (4)]}

routinely suitable parameters




level 1:4-times subsampled

level 2: 4-times subsampled

level 3: 2-times subsampled
level 4: full resolution




alternating heuristics




Level 1, iteration number: 1: 389 Level 1, iteration number: 390 : 779
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Level 1, iteration number; 780 : 1168 Level 1, iteration number: 1169 ; 1558

T T T T T + T T T T T

translation y
translation y

-50 -50

. . M
5
. . s
+ "
-100 < -100
* + .
. .

150 : SRS 150

=200 ’ ' L -200

+ +
| 1 | | 1 | | | | 1 | | | 1 | |

-250 : -250
-260 -200 -150 -100 -50 0 50 100 150 200 -260 -200 -150 -100 -50 0 50 100 150
translation x translation x




Level 1, iteration number: 1559 : 1948
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On the first level
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On the first level




Success rate CRS/AH SA




providing a

high success rate up to 98%

fully automated registration formulated













Purpose: constraining the search
space for the potential flexible
contours:
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« choosing optic nerve head (ONH)
border from a family of controlled
closed continuous splines (Active
Contours)




Anchored active contour development:










